This paper discusses issues arising in the measurement of productivity in public services. Compared to measuring productivity in the private sector difficulties arise because the output of public services is often un-priced and because some public services are consumed collectively. A key problem is measuring the full range of outputs and quality improvements delivered by public sector organisations that are valued by society. Without comprehensive measures of output productivity statistics may be misleading. I outline methods used in the measurement of both private and public sector productivity and discuss the measurement of public sector productivity in practice. Finally I discuss studies that examine factors underlying productivity differences and productivity growth in public and private sector organisations. Public sector reforms and the use of pilot schemes in public sector organisations present opportunities for research to identify causal effects on productivity.
Introduction
The UK government has set itself a productivity challenge. Two of HM Treasury's main objectives are to increase the productivity of the economy, (increasing the rate of productivity growth and narrowing the productivity gap with other major economies), and to improve the quality and cost-effectiveness of public services. To assess whether these targets are met requires objective measures of productivity and cost-effectiveness, and to deliver improvements and design policy, understanding what underlies differences in productivity across providers and what drives productivity growth is crucial.
Before proceeding, it is worth noting tha t while the productivity of public sector services is one factor in determining how effectively public money is being spent, it is not the sole consideration. Measuring productivity differs from a cost-benefit analysis, which might be used to assess the 'value for money' of a new government programme. While measuring the productivity of public services is certainly of interest, society may prefer the public sector to deliver more services or improvements in the quality of service even at the expense of a decrease in productivity. Equally, an increase in productivity may not be welcome if it came at the expense of a decrease in the output of public services. However falling productivity unaccompanied by any increase in output might raise concerns, as might significant discrepancies in productivity across providers in the same sector.
In this paper I outline the issues arising in the measurement of public sector productivity, focusing on the measurement of output of public services. I then discuss techniques that are used in the measurement of productivity for both the private and public sectors. Finally I assess some of the evidence on the factors underlying productivity and performance in the public sector and compare these with research examining the drivers of private sector productivity.
Measuring productivity amounts to relating a volume measure of the output of an organisation or sector of the economy, (goods produced and services provided), to a volume measure of the inputs used to deliver them (employees, equipment, and intermediate goods and services). Much of the discussion around the measurement of productivity in public services focuses on the accurate measurement of outputs.
For some public sector organisations, for example hospitals and schools, information such as the number of consultations with doctors or the number of lessons taught is collected and can be used as a measure of the volume of services delivered. However these counts of activities do not necessarily coincide with the full set of actual outputs delivered by providers; the information available simply may not be comprehensive enough to reflect accurately all of the outputs of public services that are actually valued by society. Moreover, using measures of activities to proxy output may make it very difficult to account for improvements in quality and to capture increases in output when technological developments or changes in the mode of delivery reduce the number of activities required to provide the same service. In other cases outputs are simply very hard to measure, for example in the case of collective services such as defence and the prevention of crime.
Even with accurate measures of the various outputs, in the public sector the absence of information on prices makes aggregating outputs for a single provider or for a sector-level service such as education problematic. When measuring output in the private sector, prices, which in well functioning markets reflect relative marginal valuations and marginal costs of production of different goods and services, serve as weights in aggregation.
The fact that measures of output for public sector services differ from those typically available for market sector firms has in some cases lead to the application of different productivity measureme nt techniques, for example when comparing productivity across a group of service providers. These techniques do not require prices or specified weights to aggregate outputs, but come with some of their own drawbacks in terms of reliability. Other studies of the productivity of public sector organisations have used partial, or single output measures, for example survival rates of heart attack patients. While these can provide reliable, quality-adjusted measures of particular outputs they may potentially be misleading if used to represent output or productivity at the level of an organisation as a whole, particularly if they correspond to an output being targeted under a performance indicator.
Partial output measures for public service providers have been used in some studies looking at the effects of competition or ownership on productivity. These studies ask whether hospitals or schools that face stronger competition from other providers typically display higher productivity, and whether a causal link can be established between competition and productivity performance. Empirical studies looking at the effects of competition on private sector productivity tend to find that greater competition in product markets is associated with increased innovation and productivity growth. Obtaining rigorous empirical evidence on whether such findings translate across to the public sector is extremely valuable for policy formation and assessing public sector reforms.
The paper is structured as follows. The next section outlines issues in the measurement of outputs and inputs for use in the construction of measures of productivity. Section 3 discusses different productivity measurement techniques, and how the techniques used to measure productivity in public services reflect the underlying difficulties with measuring and aggregating outputs relative to the case for market sector activities. Finally section 4 looks at evidence on some potential factors underlying private sector productivity -competition and performance incentives -and makes comparisons with studies for the public sector. Section 5 concludes.
Measuring outputs and inputs
Productivity measures the efficiency with which an organisation manufactures products or delivers services by measuring the relationship between an organisation's outputs and the inputs used to produce them. Productivity comparisons can be made across different individual service providers and over time, and can be used to help understand why some providers are more productive than others, or what happens to productivity when reforms such as the introduction of competition between providers are implemented.
In an ideal world from the perspective of productivity measurement, organisations would produce a single homogeneous good using a single homo geneous input. Productivity measurement then amounts to relating the number of units of the good that are produced to the number of units of the input that are used to produce it. More broadly, measuring productivity involves relating a volume measure of output to a volume measure of inputs.
In practice organisations produce more than one good or service and use a number of inputs to produce them. These goods, services and inputs may be highly heterogeneous and may differ in quality over time and across different organisations. The volume measures of outputs and inputs used in measuring productivity should ideally capture changes or differences in quality. For example, a simple measure of labour inputs such as a headcount of staff could be adjusted for the number of hours worked and the skills or human capital of those individuals.
If these quality-adjusted volume measures of outputs and inputs were obtainable, then, depending on precise method of productivity measurement used, it might be desirable to aggregate some or all of the outputs and inputs to produce measures at the level of an organisation or sector of the economy. Where inputs are shared across a range of outputs within an organisation, measuring the productivity with which a single output is produced may be problematic, for example due to difficulties with attributing the appropriate fraction of an employee's time to the delivery of one service. Comparing productivity at the provider level may mask important differences in the efficiency with whic h providers deliver individual outputs, but on the other hand may help detect whether overall productivity is suffering at the expense of an increase in the efficiency with which a single service, perhaps one that is being targeted, is being delivered.
Equally, productivity measurement at the sector level, such as the provision of education or healthcare services, can provide useful information on trends in productivity over time, but will mask interesting features of what is driving any productivity growth within sectors.
Hence examining productivity at both the sector, and organisation level can be valuable.
Research on private sector productivity growth at the sector level has examined the contributions of new entry, of expansion by more efficient providers, and of the exit of relatively poor performers in driving productivity growth, (for example Foster et al., 1998 and Disney et al., 2003) .
1 When considering public sector services, exit may have significant implications for coverage and ease of access to providers, a feature of provision that is likely to be valued by society. 2 Where appropriate it is therefore important that such features are captured in output measures for public service providers so that the effects of entry and exit and expansion and contraction in provision on productivity are accurately measured.
The remainder of this section discusses the measurement of output for both private and public sectors, focusing on the problems that arise in the context of public sector services. It then covers the measurement of inputs.
Measuring outputs
Both public and private sector organisations produce multiple, heterogeneous outputs. To measure the output of a private sector organisation the type of information that is typically available to researchers is a measure of the aggregate value of goods or services sold, often measured by gross output, sales or value-added (gross output minus intermediate inputs such
as components, or goods purchased for re-sale). This aggregation across goods and services to the value of output at the organisation level implicitly involves using information on the relative prices of the goods and services as weights. In well functioning, competitive markets these prices provide information on the marginal benefit to consumers and the marginal cost of producers associated with a unit of each good or service, and hence the relative valuations of different products.
When measuring productivity these value measures of output are then transformed into volume measures using price indices. For example in making productivity comparisons over time the measure of output used should capture changes in the volume of output produced including improvements in quality, but not any changes due to inflation in the price of a unit of the good. The price of each good or service incorporates information on quality, hence price indices should ideally make adjustments for price increases due to quality improvements as opposed to inflation. In practice however this is not always feasible, and in the absence of information on prices at the level of individual products or organisations, measures of the value of output are often turned into volume output measures using industrylevel price indices.
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While obtaining suitably dis-aggregate, quality-adjus ted price indices presents problems for accurate productivity measurement in private sector organisations, for public sector organisations the problem is more severe in that there is no price information available at all.
As discussed below, this raises difficulties for aggregation and measuring quality change. But it is first worth pointing out that a lack of price information is not unique to public sector services. Similar issues arise in measuring the output of financial services firms such as banks. For example in the UK customers do not always pay an explicit price for a bank account, the price being implicit though a lower interest rate. Thus the types of approaches that have been taken to measuring the output of banks, 4 constructing count measures of numbers of accounts and transactions, have similarities with the methods used to measure the output of public sector organisations.
Measuring the output of public sector services
In deciding what it is desirable to capture in measure of the output of a public service a starting point is to consider the full range of outputs that society values and wants those services to deliver. Consider a GP's surgery. In addition to the amount and quality of the treatment provided other desirable outputs might include ease of access to treatment, such as how straightforward it is to register with a GP and the length of time patients have to wait to get an appointment. More generally public services might have equity objectives, for example that teaching improvements benefit pupils of all types, rather than just aiming to raise the average benefit.
It is also useful to distinguish between public services that at the point of use are provided to individuals, such as education and healthcare, and those that are provided collectively such as defence. Many public sector services in fact provide a mix of both, for example the police service prevents crime in addition to investigating specific criminal incidents, and both of these activities are valued. Moreover, just as individuals are willing to purchase insurance even though they may never make a claim, they may place a value on a service such as a hospital being available should they need to use it.
5
The wide range of outputs each public service provides raises a number of questions about what information it would be desirable to collect and about how best to use the type of information typically available to construct measures of output. It is common to split potential measures into measures of activities, outputs and outcomes. In the provision of education services, these might be the number of lessons provided, the number of GSCEs obtained and the effect of those education services on the future employment and earnings of those taught respectively. Similarly, in healthcare these might correspond to the number of consultations, the number of patients successfully treated, and the improvement in health of those treated. Each offers information that can be used to measure output. 4 See, for example, Fixler and Zieschang (1999) . 5 Hence unused capacity in some public services may still be considered as a valuable output.
Counts of activities are likely to be relatively easy to measure, but may not be detailed and comprehensive enough to capture all of the outputs that a service provides. Measuring the number of fires successfully extinguished by a fire service will be more straightforward than measuring fire prevention, but a good measure of the overall output of the fire service would capture both. In this case only using measurable activities to reflect overall output might provide misleading information about changes over time in the level of output, or about differences in output across providers. If a fire service in one area were more proficient at fire prevention they would consequently need to tackle a lower number of fires, and if only the latter activity were used to measure overall output, then that fire service would be incorrectly assigned a relatively low level of output. Similarly if technological developments in healthcare meant that fewer treatments were needed to deal with the same ailment, then a simple count of treatments might lead to measured output decreasing over time. One way to overcome this latter problem would be to use patients rather than activities as the unit of analysis. This output-based approach however requires information to be collected on patients, or the linking of activities to patients, rather than just collecting counts of activities carried out. See the discussion in Dawson et al. (2005) and papers cited therein.
Simple measures of activities are also unlikely to capture differences or changes in the quality of service provided. Counts of the number of lessons taught will not measure the quality of those lessons, which might be reflected better in an output measure such as the number of qualifications gained by students. In turn, the quality or value of those qualifications together with other benefits derived from education will be reflected in future outcomes for the pupils in the form of earnings and in other societal outcomes affected by education. Incorporating information on outcomes such as levels of health or crime could help to measure the quality of service provision. But this can itself pose difficult measurement problems in terms of isolating the marginal improvement in health that is due to public healthcare provision as opposed to other factors such as changes in individuals' diets that are not driven by the service provider.
Even if volumes of individual outputs of public service providers can be accurately measured, a lack of prices remains problematic from the point of view of productivity measurement. As described above for the private sector, prices, (assumed to reflect marginal benefits and marginal costs), can be used to aggregate outputs. As discussed in section 3 many of the techniques used to measure productivity require the aggregation of outputs. A key issue is then how to weight different outputs together. In principle the weights used should reflect the marginal social benefits associated with each individual output.
There are various options for devising these weights. One often implemented in practice due to data availability is to use information on the relative costs of different outputs to aggregate.
This requires an accurate attribution of costs to particular outputs which could present difficulties, for example when labour inputs are shared across a number of activities. Using cost weights means that more expensive activities receive a higher weight in the construction of an aggregate output measure, and that a change in the mix of activities carried out which moved towards more cost-effective treatments could in principle reduce measured output.
The use of cost weights will only be appropriate to the extent that relative costs accurately proxy the relative marginal social benefits associated with each output.
Other possibilities that have parallels with research on measuring the value of public goods such as the environment include backing out information on relative valuations from surveys, or using information from implicit valuations, such as the premium that individuals are willing to pay to live in the catchment areas of particular schools, or how long individuals are willing to wait, or how far they are willing to travel to access a certain hospital. A further option might be to obtain price information from the private sector. However the services provided by a private sector alternative might differ in their scope and in their characteristics -for example private sector healthcare potentially offering reduced waiting times and different quality accommodation. Moreover the characteristics of those individuals using private sector alternatives, for example their underlying health, may differ from those using public sector provision. 6 Hence in each case, there would remain questions about how reliably these methods would capture the relative valuations of different goods.
A final point is whether the weight attached to a given component of output should change if society's preferences, or valuation of a unit of output change over time. Suppose that the objective is to measure productivity growth for an organisation, to determine whether or not there has been an increase in the efficiency with which it delivers goods and services. In line with productivity measurement in the private sector an increase in price of that organisation's output from one period to the next should only be reflected as an increase in the measured 6 See also Dawson et al. (2005) for a discussion of using prices from other countries to value NHS output.
volume of output to the extent that the price increase underlies an improvement in quality.
Similarly, when measuring productivity growth for a public sector organisation, any change in the marginal social valuation of its output should only translate into an increase in the real volume of output to the extent that it reflects a quality improvement, rather than any change in valuation driven by factors other than the actions of the service provider. However if the objective were to measure the nominal value of output, then changes in preferences and the relative valuations of the different goods and services produced by the organisation could change the weights used in aggregation.
Measuring public sector output in practice From 1960s to 1998 the ONS used a convention that the value of outputs of public sector services was equal to a measure of the value of inputs, which meant that measured productivity growth was not possible. In 1998 the ONS began to construct new direct measures of output, such as those shown in the first column of table 1. For example at the time of the Atkinson Review the output of the education services sector was measured by numbers of full-time equivalent pupils enrolled at four types of maintained schools (nursery, primary, secondary and special schools) aggregated together using cost weights reflecting total UK expenditure on each type of school. A quality adjustment of +0.25 was then added annually to the cost-weighted pupil numbers for primary and secondary schools to reflect improvements in examination results. 
Education
Pupil numbers -quality adjustment of 0.25 per cent to primary and secondary schools. Cost weights by school type (nursery, primary, secondary and special schools) Measure pupil attendance not pupil numbers; School cost weights to be updated annually; Update the quality measure for schools and develop a new extended measure which might include measuring the value of education through increased earnings; New measures of output for initial teacher training and publicly funded nursery places.
Administration of Social Security
Number of benefit claims for 12 largest benefits. No allowance for collection of contributions.
Update the index for social security administration, including adjustment for accuracy and timeliness.
Administration of Justice
Number of prisoners, legal aid cases, court cases and probation cost-weighted activity index.
More detailed measures for the criminal justice system, with possible quality adjustment to reduce value accorded to overcrowded prison cells. Further development of measures of the output of the criminal justice system as a whole.
Fire
Number of fires, fire prevention and special services. Then split into further subcategories. Weights proportional to average staff hours spent on each sub-category.
Measure output on basis of weights that reflect the cost to the community of fire, (damage to life and property).
Personal Social Services
Children and adults in care and provision of home helps. Cost-weighted index.
Wider and more detailed coverage in the measure of adult social services output; Extension of children's social services output measure; Development work on quality adjustments Source: adapted from The Atkinson Review made a number of recommendations for improvements, such as increasing the scope of the indicators collected so that they are more disaggregated and cover a wider range of the outputs of a particular service. Examples of specific recommendations are given in the final column of table 1. For the education sector recommendations included measuring pupil attendance rather than pupil numbers, to capture more accurately the actual number of pupils being taught by accounting for absence, and this has now been implemented. A further recommendation was to develop new ways of adjusting output for quality change. Following on from the Atkinson Review the ONS (ONS, 2006a) has published new measures of education outputs and education productivity accounting for quality change using information on GSCE results and progress between Key Stages of the English education system. The same article also discusses issues relating to quality adjustments based on teaching assessments and class sizes.
A further study that ran concurrently with the Atkinson Review examined the measurement of the outputs and productivity of the National Health Service, (see Dawson et al., 2005) . The Department of Health measures the output of the NHS using a cost-weighted index of activities covering hospital, primary care and community health services. The report by Dawson et al. (2005) makes methodological recommendations and suggestions for data collection to enable the construction of an output index using values as weights. This would value the health outcomes associated with different activities using information on the effect of each activity on quality adjusted life years, together with placing a value on waiting times.
9
The report also suggests ways of adjusting cost-weighted output measures for quality by incorporating factors such as survival, waiting times, re-admissions and patient satisfaction, (See also ONS, 2005b for a follow-up analysis of productivity in the health sector, and Triplett, 2001 ).
Many empirical studies of the health care sector also examine output and productivity in the treatment of specific medical conditions, either at the national 'industry' level or by making comparisons across providers. Cutler and McClellan (2001) Before turning to measures of inputs it is worth pointing out that in the UK National Accounts the measurement of the output of collective services such as defence, environmental protection and central government administration, follows an input equals output approach, in that is it uses information on costs of provision to measure outputs. This by definition leaves no scope for measured improvements in productivity.
Measuring inputs (and value -added)
Measuring inputs into public services such as labour and purchases of intermediate goods typically presents less of a problem, and given that such inputs are typically priced no worse a problem than measuring the equivalent inputs in the private sector. In analysing productivity in the private sector data is used on labour inputs -often a headcount of workers or the number of hours of worked and information on the cost of those workers to the firm, on the value of intermediate goods purchased for processing or resale, and on the value of the capital stock, i.e. equipment and buildings used in production.
10 Again value measures of inputs are converted into volume measures using price indices at the most dis-aggregated level available. In the public sector because these inputs will be paid for, price indices can be constructed and volume measures of inputs obtained. As before these price indices should ideally take into account quality change.
An important aspect of some public services such as education is that they can be thought of as involving joint production between the individual and the service provider. First, the characteristics of the individuals using the service will make a difference to the measure of gross output, and these individuals can in a sense be thought of as (intermediate) inputs themselves. For example a child's ability will affect a measure of gross output such as examination results. Second, the effort expended by an individual in conjunction with the inputs of the service provider, such as the time and effort a pupil devotes to homework and their behaviour in the classroom, may also affect output. While in the first case the innate ability of an individual is not something a school can influence, in the latter case the 10 Dealing with durable inputs such as capital is more difficult in that a measure of capital services is preferable to a measure of the capital stock. But, for example in the case of buildings and equipment, this should be no more problematic in the public than in the private sector.
behaviour and effort put in by pupils may be. The extent to which a service provider such as a school can induce effort will be a characteristic of output which society values.
Private sector services can also involve joint production, for example car repair where a garage will vary the price it charges depending on the initial condition of the car in question.
When comparing measured output across two garages, prices will serve as weights reflecting the bundle of car repair services actually supplied in each case. The desired measure is the volume of car repair services provided, not simply the number of cars repaired. However if only the latter information were available, when comparing the output of the two garages it would be necessary to take into account the complexity of the jobs undertaken at each, and only compare like with like.
This is analogous to the problem faced in the measurement of output in some public services.
When making productivity comparisons in some cases it will be important to take into account the characteristics of the individuals using the service. If this is not done the results could be highly misleading. For example, it would not be accurate to ascribe a decrease in productivity to a doctor who in one month treats a large number of relatively straightforward cases and in the following month deals with a smaller but much more complex set of cases.
Nor would it be desirable to compare test results from two schools where pupils had very different initial literacy and numeracy skills without making some adjustment.
In the absence of price information or weights which can capture different valuations, two options are either to adjust the measure of output directly so that it is a value-added measure, 11 or to use a gross output measure and try and take account of differences in inputs.
For example, by only comparing providers who are operating in similar environments, such as schools in catchment areas with pupils of similar types, or GPs in areas with resident populations with similar demographic characteristics.
Some public services are also linked, for example primary education services are an input into secondary education. In these cases it might be desirable to separate out changes in the output of secondary education that are only due to the actions of that sector rather than any changes in the outputs of the primary education sector.
Techniques for measuring productivity
An organisation's productivity is typically measured relative to some benchmark, for example compared to itself during the previous month or year, or compared to another similar organisation. Similarly productivity comparisons are made at the sector and country level.
Productivity measures include single factor productivity measures which take account of only one input, such as labour productivity, and multifactor productivity measures, such as total factor productivity which might relate the volume of output to the volume of labour inputs, intermediate inputs and capital used in the production of that output.
Because of the difficulties present in measuring the output of public services, some attention has been paid to using productivity measurement techniques that do not require the aggregation of individual outputs, such as data envelopment analysis. In this section I discuss different approaches to the measurement of productivity, focussing on some applications for public sector services. 
Index number approaches
One commonly used method of productivity measurement is the index number approach.
Below is a simple example of an index number method of measuring productivity growth, which relates a volume index of outputs to a volume index of inputs. Consider a firm producing multiple outputs y i using multiple inputs x i . The price of each output is p i and the price of each input w i . Each quantity and price is observed in two periods t and t+1. One way of defining output and input volume indices is as follows, where Q o is a Laspeyres output quantity index and Q I a Laspeyres input quantity index. 
12 See also Smith and Street (2005) for a discussion of efficiency measurement in the context of public services. 13 The Laspeyres index uses base period prices but there are many alternative approaches for example the Paasche index which uses current period prices as weights and the Fisher ideal quantity index which is the square root of the sum of the Laspeyres and Paasche indices. See Diewert (1992) for a full discussion. Index numbers can be fixed base or chain based, where in the latter case the base is updated each period.
An index measure of productivity growth is then given by the ratio of these two indices
If instead of data on quantities and prices, data on revenues, input costs and prices are available then productivity indices can be constructed by deflating the revenues and costs by the relevant price indices. The se are the type of data that are typically available for private sector productivity measurement.
Index measures are used in public sector productivity measurement for example at the sector level. Following the discussion in section 2.1 the missing piece of information that makes this difficult is what to use to weight different components of output together in place of the prices p i in (1a) above. Figure 1 gives an example of index measures of output, inputs, and productivity (the ratio of the output and input indices, as in (2)) for the UK education sector.
For schools output is measured using pupil attendance incorporating the +0.25 per annum quality adjustment. For nursery schools and classes output is measured using full-timeequivalent pupil numbers, and for nursery free places by the number of free places filled.
Numbers of students are used to measure the output of initial teacher training courses and health professional courses. These volume measures of output are weighted together by costs.
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The volume of inputs is measured by deflating nominal government expenditure on education. Education expenditure includes expenditure on labour inputs (fo r example, teaching and support staff), expenditure on goods and services (teaching aids, electricity, transport etc.) and capital consumption (an estimate of the amount of capital services delivered in each year from durable inputs such as computers and buildings). In terms of expenditure, labour inputs account for around three quarters of total education inputs. As an example of the type of deflator used to generate measures of the volume of inputs, in figure 1 local authority pay is deflated by a local authority education pay index, and central government pay is deflated by the public sector average earnings index.
14 Output is measured as in the National Accounts 2005. In practice the precise form of index number used depends on the data available and underlying assumptions made by the researcher. These assumptions can, but do not have to,
include economic assumptions about optimising behaviour by organisations (profit maximisation and cost minimisation), about conduct in product and input markets (perfect competition in product and inp ut markets with organisations acting as price takers), and about the form of an organisation's production function, for example whether it exhibits constant returns to scale, and the form of production technology such as Cobb-Douglas or translog, (the latter allowing for more flexibility in the substitutability of the different inputs). An alternative to making economic assumptions to determine the form of the index is to take an 'axiomatic approach', and select an index which satisfies a set of desirable properties.
In addition to measuring productivity growth, index number techniques can also be used to make relative productivity comparisons across organisations. A simple example of a total factor productivity index measure based on a Cobb-Douglas technology, for an organisation i at time t is: as 'a measure of our ignorance' in that it is a residual. Interpreting this unexplained component of output as productivity requires assumptions of constant returns to scale, profit maximising competitive behaviour in product markets and price taking behaviour in input markets. These assumptions mean that the total value of output is equal to the total value of inputs, and that the expenditure (or cost) share of each input in total output measures its marginal productivity and forms the appropriate weight for each input. It follows that such index measures are reliant on the accurate measurement of outputs, inputs and the shares of each factor in output.
Parametric estimation
An alternative to the use of index number techniques is parametric estimation, for example estimating a production or cost function. Below is a simple example of production function estimation, which could form an alternative to the index number method given in (3). Here, instead of directly using information on the share of each factor in production the factor share of each input (now assumed to be invariant across organisations and time) is estimated.
Log-linearising a Cobb-Douglas production function of the form, (4) which can be estimated for example using data on a number of organisations, i, over time, t.
Relative productivity is obtained from the residuals it ε . To interpret the entire residual as a measure of total factor productivity requires assumptions of competitive product and factor markets.
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Productivity can also be estimated by estimating a cost function, where costs are expressed as a function of different outputs and the prices of each of the inputs. By assuming cost minimisation a cost function can be estimated together with the input factor demand equations.
As discussed further in section 4 below, in productivity analyses using data for the private sector, production functions such as that in (4) are often 'augmented' with additional variables to try and exp lain some component of the residual total factor productivity measure.
For example data on firms' research and development (R&D) stocks might be included as an additional explanatory factor. A positive and significant coefficient on this variable would be interpreted as more R&D being associated with higher productivity. Similar types of analysis have been undertaken in the case of some public services. Krueger (1999) estimates an 'education production function', relating students' test scores (as a measure of education output) to an indicator of class size plus other student, teacher and school characteristics (which can be thought of as inputs). His results suggest a positive relationship between smaller class sizes and test scores. 16 Production function estimation can allow the assumption of constant returns to scale to be relaxed. Both index number measures and production function estimation methods can be adjusted to allow for imperfect competition in output markets. A number of issues arise in the estimation un-biased production function parameters, for example, dealing with the endogeneity of factor inputs (firms choose their outputs and inputs simultaneously, and unobserved shocks may be correlated with both an organisation's output and input choices). Estimation issues are not discussed further here, but see for example Griliches and Mairesse (1995) and Bond and Söderbom (2005) for discussions of identification of production function parameters.
A parametric estimation technique that has been used in public sector productivity measurement is stochastic frontier analysis (SFA). Compared to the production function and cost function techniques just described, stochastic frontier analysis is concerned with modelling the efficiency, or 'production possibility frontier', rather than capturing the mean of the distribution. SFA essentially splits the error term in equation (4) Stochastic frontier analysis has been used in a 'cost frontier' form to estimate relative efficiency in a number of applications for the public sector. This relates an organisation's costs to input prices and the volumes of outputs it produces, and measures the inefficiency of each organisation relative to the estimated least cost frontier. This approach has attractions in public sector productivity measurement because it does not require the aggregation of each organisation's outputs.
Examples of applications of SFA techniques to measure the relative efficiency of English hospitals include Jacobs (2001) and Street (2003) . These papers compare efficiency rankings generated using SFA techniques to those obtained using alternative methods such as cost function estimation. Street (2003) relates a measure of total costs incurred by a hospital to a number of hospital characteristics capturing the activities carried out and the characteristics of patients, for example the number of first accident and emergency attendances, the number of first outpatient attendances, the number of inpatients adjusted for the complexity of the case-mix, and the proportion of patients aged 60 years and over. He finds that while a high overall correlation is achieved between the efficiency rankings assigned by the different estimation methods, this masked cases where individual hospitals were given substantially different rankings according to the technique used, and the assumptions made under different SFA specifications. This leads to the conclusion that it would be unwise to base any hospital efficiency targets on rankings derived from a single efficiency estimation technique. This echoes the concerns of Newhouse (1994) , who concludes that frontier estimation techniques such as SFA, combined with imperfect data on inputs and outputs, should not be used to determine re-imbursement rates for hospitals.
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A non-parametric technique
A further technique that has been proposed for measuring the efficiency of public sector organisations is data envelopment analysis (DEA). 19 DEA is a non-statistical approach, which again tries to model the efficiency or production possibility frontier. It takes data on organisations' outputs and inputs, and measures the efficiency of a particular organisation by its distance from the 'outer envelope' of the data. This outer envelope is assumed to measure the combination of outputs that a fully efficient organisation could deliver for a given set of inputs, and all deviations from the frontier are classed as inefficiency.
The technique relies on the use of extreme observations in the data, (e.g. the maximum amount of a particular output), hence in determining the position of the frontier and the individual efficiency scores it is very sensitive to mis-measurement in the data. A further problem for the accuracy of the results is that if the data are sparse in places, and no real comparator organisations are observed, it is possible to end up comparing organisations to only hypothetical efficient organisations on the frontier.
The attraction of this technique for the measurement of public sector productivity is that it does not require information on weights to aggregate outputs (or inputs), and does not require information on pric es. It essentially allows the data to determine the weights, (subject to any restrictions placed on them by the researcher) so that an organisation's productivity is presented in the best possible light.
18 See also World Health Organisation (2000), which used SFA techniques to make comparisons of the relative performance of different countries' healthcare systems, and the subsequent critical assessment of the study.
19 See for example Spottiswoode (2000) , which proposed the use of data envelopment analysis, and stochastic frontier analysis for the measurement of police force efficiency. See also the discussion in Stone (2002) outlining why use of these techniques may be misguided.
The approach still requires some assumptions to be made, such as whether production is subject to constant or variable returns to scale. Under variable returns to scale the technique can designa te an organisation as fully efficient simply because it produces more of a particular output than other organisations. Hence the results will be sensitive to extent to which outputs and inputs are aggregated, with more disaggregated outputs likely to lead to more organisations being classed as 100% efficient. This may create a trade off, given that the attractive feature of the technique was that the ex-ante aggregation of outputs was not required. A final but important issue is that the weights used in DEA may not reflect in any way the relative marginal social valuations of different outputs.
Examples of the use of DEA in practice include Ruggiero (1996) in the context of measuring the efficiency of education provision, Jacobs (2001) looking at hospital efficiency and Førsund et al. (2006) who examine the efficiency of tax offices. Ruggiero (1996) constructs measures of education production efficiency for New York school districts. Outcomes, comprising test scores for reading, mathematics and social studies, are related to inputs including measures of teacher aides and assistants per pupil, a measure of teacher quality, computers and classrooms per pupil, plus an environmental factor based on the poverty rate in the district, which is assumed to be unaffected by the behaviour of education providers.
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The paper highlights the sensitivity of the efficiency scores produced to different methods used to generate them. Førsund et al. (2006) in their investigation of the efficiency of tax offices also stress the importance of subjecting the results of DEA to a sensitivity analysis.
Jacobs (2001) does not find strong correlations between efficiency scores for hospitals generated by SFA and DEA techniques. All these studies therefore highlight the importance of ascertaining robustness for efficiency measures derived using this type of technique.
Partial efficiency measures and performance indicators
It is also possible to use partial efficiency measures to capture organisations' productivity in terms of delivering individual outputs or services. Measuring productivity for a single output clearly gets around the problem of specifying weights to aggregate outputs together, but may in turn create difficulties in terms of isolating the precise amount of inputs used to deliver that particular output, for example the number of hours a nurse devotes to one specific activity.
Hence there ma y potentially be a trade off between using an accurate measure of a particular output or outcome and a precise measure of inputs. However studies such as those examining output and productivity growth for individual medical conditions such as heart attacks can incorporate detailed information on the specific treatments used and the characteristics of individuals receiving treatment.
Partial efficiency measures may be relatively easy to interpret and monitor which suggests that they may provide useful indicators of performance. But because such measures are only partial they may have drawbacks if used in regulation or as a tool in performance evaluation.
They will not capture all of the outputs delivered by an organisation, and constructing an overall evaluation of an organisation's productivity may prove difficult if it scores highly on some measures but poorly on others. Moreover there are concerns that if particular indicators are used to assess providers' performance perverse incentives may be created, with measured outcomes being focussed on at the expense of performance in other un-measured activities, and potential incentives for organisations to select those individuals to provide services to who will best enable them to meet performance indicators, for example patients who are relatively straightforward to treat.
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4 What underlies productivity growth and differences in productivity across organisations?
Studies that only measure productivity growth or make efficiency comparisons across organisations sometimes shed little light on what drives changes or differences in productivity. This section briefly discusses some empirical research that has sought to identify factors that affect productivity and productivity growth in both the private and public sectors. Two factors that have received attention in research on both sectors are competition and performance incentives for employees.
Competition
The empirical evidence on the relationship between competition and productivity differs somewhat across the priva te and public sectors. Given the differences between the incentives 21 For discussions of the use of performance measures in the public sector see for example Propper and Wilson (2003) , and Stevens et al. (2006) . and constraints facing firms in private markets and those affecting the operation of public sector organisations the fact that the studies may come to different conclusions is not necessarily surprising. However because of the inherent differences between the sectors and the difficulties in measuring productivity for public sector organisations, empirical studies for the two sectors tend to use quite different data and measures, making comp arability less straightforward. A key issue for research in this area is the difficulty of picking up the causal relationship between competition and productivity. To do this some studies of the effects of competition in both the private and public sectors exploit policy reforms that affect the degree of competition organisations face.
In private markets if individuals and firms can choose between alternative providers of goods and services competition provides suppliers with incentives to increase efficiency, for example if they are operating with a degree of slack, or else risk going out of business.
Competition may also induce higher productivity growth or improve dynamic efficiency by providing firms with greater incentives to innovate, such as by creating new products and services to try and reduce the amount of competition they face from other firms in the market.
Empirical studies of the relationship between private sector productivity and the extent of competition in markets for goods and services tend to find that competition improves productivity growth. These studies typically relate a measure of productivity to measures of the extent of product market competition in a regression framework, or add in measures of product market competition as extra variables in a production function such as in (4) above. Nickell (1996) using firm level data examines the relationship between both the level of total factor productivity and growth in total factor productivity and a range of measures of market structure and product market competition, (e.g. measures of market share, the level of rents earned by firms and the degree of import penetration). He finds evidence that more intensive product market competition is associated with higher productivity growth. Disney et al. (2003) carry out a similar analysis and find evidence that greater competition is associated with both a higher level and growth rate of productivity. See Aghion and Griffith (2005) for a survey of theoretical and empirical work in this area.
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22 See also the literature on the efficiency effects of privatisation and deregulation for example Green and Haskel (2004) .
Analyses of productivity growth in private sector markets have also pointed to the role of entry, exit, expansion and contraction of firms in productivity growth. Disney et al. (2003) highlight the role of restructuring. Using data on UK manufacturing establishments they show that plants that exit had on average lower productivity than surviving establishments and that entrants exhibited higher productivity levels. See also Pavcnik (2002) . This type of evidence points to a significant role of restructuring and the reallocation of resources towards more efficient providers in driving aggregate private sector productivity improvements.
For public sector organisations flexibility in terms of the scope for expansion and contraction of activities, and the incentives to adjust, may be more limited. While the closure of a relatively poorly performing firm in private sector markets may raise the average level of productivity in the industry, this might be less clear cut in the case of public sector organisations if an important component of output is accessibility. Such circumstances reenforce the importance of capturing all of the elements of output that are valued by society in a productivity measure. If access to services were not part of the measure of the volume of output then it may potentially be incorrectly inferred that productivity had risen, when in fact it had declined.
For public sector services the evidence on the effects of competition on efficiency is more mixed than for the private sector. 23 Due to the difficulties of measuring productivity for public sector organisations some studies have focused either on partial output measures, (providing a good measure for a single outcome rather than a measure of the total output of an organisation), or on partial measures of cost-effectiveness. One such study for the healthcare sector is Kessler and McClellan (2000) . This study looked at the relationship between competition and two outcomes -mortality rates post admission for heart attack patients and the healthcare costs associated with treatment, using data from the US. The measure of competition used is based on travel distances between patients and hospitals, and captures the intensity of competition or choice within geographic markets. For the period post-1990 they find evidence that competition resulted in lower death rates and lower costs, while their evidence for the pre-1990 period studied suggested that greater competition was associated with higher costs. Propper et al. (2004) look at the effects of competition on an 23 See Burgess et al. (2005) for a more detailed assessment of the economic evidence on the effects of choice and competition in education and healthcare.
outcome measure. They find that during the NHS internal market, (which was associated with a greater degree of competition between hospitals), competition was associated with a decrease in the quality of outcomes as measured by higher death rates following hospital admission for a heart attack. Even if this were accompanied by an increase in productivity it seems unlikely to be a desirable outcome from a welfare perspective. Burgess et al. (2005) conclude that the empirical evidence suggests that competition between hospitals is associated with lower costs, while the evidence of the effects on the quality of outcomes is more mixed. 24 Given the difficulties in measuring all dimensions of output at the level of an organisation such as a hospital, and hence such a measure being potentially misleading, it is not surprising that many studies look at single outcome measures that may be more reliable. But given that such studies do not assess the effects of competition at the level of an organisation as a whole, together with the absence of data on inputs in some studies, it is difficult to make direct comparisons with the empirical evidence for the private sector. Burgess et al. (2005) also survey the empirical literature on the effects of competition on schools. There is some evidence for the US that the threat of losing pupils induced by greater competition is associated with an increase in school productivity, as measured for example in 
Performance incentives
Many studies of the relationship between the use of performance based remuneration and firm productivity in the private sector show a positive association between the two. Studies that relate the use of performance related pay to organisation level productivity often look at the use of (sometimes tax advantaged) employee or executive ownership of shares or share options, which link individuals' income to the overall performance of the organisation that they work for. For example Conyon and Freeman (2004) estimate a firm-level production 24 See also Gaynor (2006) , for a survey of the effects of competition in healthcare markets. function, (as described in section 3.2), augmented with measures of the use of shared compensation schemes and find a positive association between some forms of employee share ownership and firm productivity. Again, what is tricky in this literature is isolating causal effects; it may simply be the case that more productive firms use performance related pay or that there is some other characteristic of such firms that is difficult to measure, such as managerial talent, that is reflected in both higher productivity and the use of such incentives.
See Prendergast (1999) for an assessment of a wide range of empirical studies in this area.
Other incentives schemes used in the private sector which do not measure performance on the basis of profit or sales but instead use other performance targets may be closer comparators to the types of scheme it might be feasible to implement in the public sector. One study of such a scheme for the private sector is that by Lazear (2000) . Analysing a particular company he finds that a change from an hourly wage to piece rate based pay has a substantial effect on productivity as measured by output per worker. 25 However, implementing such schemes in public sector organisations relies on being able to measure performance accurately.
Two examples of studies for public sector organisations also indicate some positive effects of performance incentives on outputs. 26 Both of these studies exploit reforms and both examine multiple output measures. Burgess et al. (2004) look at the impact of team based performance pay on output in a large UK public sector agency. They find that for small teams where monitoring will be easier and free riding less prevalent, the introduction of performance related pay was associated with an increase in the main measure of output. Atkinson et al. (2004) assess the effects of a performance related pay scheme for teachers and look at effects on both a gross output measure (test scores) and on value-added, and also examine whether effects differed across subjects. They find that the scheme did act to improve test scores and value-added. See also Marsden and Belfield (2006) for an assessment of the same scheme.
While such studies allow for a careful assessment of heterogeneous effects on different outputs, the problems of measuring output and productivity at the organisation level for public sector services means that it is difficult to gauge the full, overall response to such incentives. This will be particularly important in the case of assessing this type of reform, as concerns might arise regarding effort being diverted to those activities that are being targeted by performance measures at the expense of other tasks.
In addition for public sector services an important question to address might be whether any effects of competition or of the introduction of performance incentives on service delivery vary across different types of individuals using the services. The extent to which different individuals, for example with different ability levels or in different health, benefit equally from a public sector service might be an outcome that society values, but will not be captured well in an average outcome measure.
In summary while some, (but not all), of the evidence on the effects of competition and performance incentives points in the same direction for both private and public sector organisations, there remain differences in the data and methods applied in studies of the two sectors which may mean that the results are not always comparable. This is primarily due to the inherent difficulty of measuring all of the features of the output of public sector organisations that are valued by society. A move towards such measures would make for greater comparability with private sector studies and provide a better picture at the organisation and more aggregate levels, but this may trade off the accuracy of single outcome measures that can encompass quality. A problem for studies in both sectors is isolating causal effects on productivity. Reforms to public services, such as the introduction of competition, and the use of pilot schemes present some of the best opportunities for research to do so.
Conclusions
Measuring output for public sector services is problematic, both in terms of capturing all the various dimensions of output that society values, and in measuring the relative valuations of each dimension to construct aggregate measures. In the absence of accurate, all encompassing measures of output productivity measurement risks being uninformative.
Empirical studies of productivity for public sector organisations have demonstrated that efficiency measures and rankings can be sensitive to the techniques used to derive them, and that some may not be particularly robust. This is not to say that productivity measurement for public sector organisations is not worthwhile. Productivity measurement for private sector organisations also presents a number of difficulties, but what is important is that the results of studies, such as those examining the effects of competition on productivity, are demonstrated to be robust to the use of different productivity measurement techniques.
Partial measures of productivity, for example for the treatment of specific health conditions, can be very accurate in terms of capturing output quality. But improving measurement at the level of public sector organisations as a whole will be important to understand fully the effects of competition and other factors on output, outcomes and productivity. This would also be valuable as reforms to public services and the use of pilot schemes produce good opportunities for researchers to understand these relationships better.
